cover of fast-ice rather than thick and previously permanent ice-shelf). The growth of the bryozoans seems inversely proportional to the time spent under fast-ice, presumably because this reduces the duration of the phytoplankton bloom that they feed on. These bryozoan data ( Figure 1 ) both support more rapid growth with reduced ice cover and show that the effect is unlikely to be limited just to sponges. At least for suspension feeders the new report on the Larson embayment sponge boom would seem to show that it is not the cold per se that always restricts the growth of these animals but other environmental conditions.
The new work by Fillinger et al. [1] is remarkable for another reason, namely methodology. The accuracy they could obtain from images that were angled and thus had perspective issues seems remarkable. The key is that they have developed a new 3D modelling technique [7] and linked this to collections of real specimens for robust identifications and biomass measures, so growth can be measured directly and used to ground-truth model data. It is a powerful combination of methods and one that could have far reaching implications in the monitoring of sensitive sites such as marine protected areas. If a region of the seabed with vulnerable marine ecosystems is proposed for designation as a marine protected area, this is typically linked to a need to monitor it, which usually requires destructive sampling. Thus, success in getting a location to be 'protected' may even generate subsequent anthropogenic disturbance. The method used in the new research [1] may therefore provide a tool which would help to minimise this.
A separate debate remains to be resolved about how much accuracy can be claimed in estimates of carbon and growth when extrapolating from images to models. At the time of Peck et al.'s publication [4] there was a feeling that the extrapolations of carbon draw-down generated might be a little optimistic. This new research [1] provides the first opportunity to test this and it seems that, far from being optimistic, we were too cautious. We based our estimates on a well established polar literature using typical (very slow) rates of growth and recruitment for benthos, whereas the biomass increases measured by Fillinger et al. [1] Animal Vision: Rats Watch the Sky A recent study using two head-mounted cameras has found that, in freely moving rats, eye movements are usually not conjugate, precluding stereopsis, but they maintain a wide region of binocular overlap above the head, presumably to detect flying predators.
Michael F. Land
Recording the eye movements of a freely moving animal is a considerable feat. For humans it is not too difficult: it requires a head-mounted camera which records the location of the pupil relative to the head, and then this measurement can be used to infer the direction of the eye's axis.
To measure gaze direction in space needs some further arrangement to detect head direction. For primates it is enough to do this for one eye, because the two are closely yoked.
For an animal with lateral eyes, which do not necessarily move together, the problem is compounded. Two cameras are necessary and the interpretation of the resulting records is far from straightforward. Rats are not large, and to mount on their head two cameras and a means of recording head movement, all without encumbering them unduly, is a remarkable tour de force. Jason Kerr and his colleagues have recently succeeded in doing this [1] , with results that are intriguingly different from those obtained from humans.
The visual priorities of the eyes of mammals are reflected in both their structure and in the ways they move [2, 3] . Eyes of higher primates are placed frontally and have very large binocular fields. They have pronounced high-resolution foveas, both of which image the same point in space. The principle here is that the spacing of the eyes provides two images of the same objects from slightly different viewpoints, and by combining the images in the cortex depth can be extracted from the disparities between the two views. This method of range-finding is of great value for the manipulation of food or tools in the near distance -up to a few metres away. It requires a high-precision eye movement system in which the eyes move exactly together, in both direction and timing, so that the images on the foveas are matched to within a degree of each other.
At the other extreme are animals with laterally directed eyes and very little binocular overlap. In rabbits and hares the optical axes of the eyes point at about 85 from the head axis, and the binocular field in front is only about 10 wide ( Figure 1A ). Rabbits do not have a fovea, but rather a horizontal 'visual streak' with an increased density of ganglion cells. This images the horizon, which is the part of the environment containing food, predators and other rabbits. Many other animals that live in open country -cows, deer and kangaroos, for example -have similar visual streaks, as do some predators such as cheetahs, which live in the same environment [3] . Like all mammals, these plains herbivores make saccadic eye movements that occur at the same time in the two eyes, but may differ in amplitude. It seems that there is no need to keep the two barely overlapping fields of view in register with each other. A major function of the ocular-motor system, at least in ungulates, is to keep the eye, and the visual streak, horizontal despite large vertical rotations in which the head is lowered to browse and raised to look around. The typically oblong pupil can be seen to stay horizontal during these movements. The eyes do not target particular features, as in primates, but a cow can nevertheless track an object of interest with its head, while the eyes maintain temporarily stable gaze using the vestibular-ocular reflex.
The visual system of a rat is intermediate between these two extremes. The eyes are small and typically nocturnal, with large, almost spherical, lenses. Resolution is poor (1.5 cycles per degree compared with 60 for a human) and with little variation across the retina [4] . The eyes are neither lateral nor frontal: the optical axis is directed about 62 from the head axis, and 40 upwards ( Figure 1A) . Unlike a rabbit, a rat has a substantial (w80 ) binocular field in front, and remarkably this binocular field extends at full width upwards and over the top of the head ( Figure 1B) . In their paper, Wallace et al.
[1] explored the way this overhead coverage is deployed. They found that when a rat's head moves up, while looking around, the eye axes move forwards and rotate front-downwards so that the visual fields above the head rotate forwards relative to the head, but continue to cover the same region of upward-directed space as in forward viewing. For head-down movements, the opposite eye movements occur: the fields move backwards again resulting in a maintained upward binocular field. A consequence of these rotations is that the extent of binocular overlap in the forward direction changes drastically, from about 40 with the nose down to 110 with the nose up. Although humans also possess a reflex response to head pitch, eyes and head tend to move together during voluntary exploration, so that the visual fields remain more or less in line with the head axis. The large binocular overhead field in rats is almost certainly for the detection of overhead predators. Black moving stimuli presented on monitors above the animals produced immediate shelter-seeking behaviour, whereas the same stimuli to the side did not [1] .
Do rats align particular objects with corresponding regions of their two retinas, as we do? Given the extent of their frontal binocular field, both in front of and above the animal, it is reasonable to think that they might. Wallace et al. [1] explored this possibility by measuring the differences in alignment of the two eye axes during free movement and they found this misalignment to be impressively large, with a standard deviation of the difference of 20 in both horizontal and vertical planes, and a range of more than twice this. This was true for both eye-in-head and eye-in-space coordinate systems. For a human, or even a cat, such differences would be a degree or less. In a situation where a rat was made to cross a gap, where one might expect alignment of the two eyes with landmark cues to be of particular value, the same pattern of misalignment was present. Rats thus do not keep their eyes aligned with each other, or with external objects.
An interesting feature of the new study [1] was the difference between eye movements in restrained and freely moving rats. In restrained animals, the eyes were more likely to move in parallel, and the differences in axis direction between the two eyes were only about a quarter of those when the animals were free to move. It is not entirely clear why this should be, but it does emphasise that behaviour in controlled laboratory conditions does not always reflect what happens in real life. It also makes the point that studies such as the present one, difficult though they are, are the only way to find out what roles 
